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I. INTRODUCTION
n exceptional augment for mobile broadband services has been observed in the past decade due to the rise in the number of communicating devices [1] and demand for high data rate applications. With the drastic rise in the count of devices, the macro base station (BS) will have to support thousands of devices incorporated with multiple radio access technologies (RATs), at the same time. To support all these applications and meet the demands of the subscribers, prodigious research is ongoing on the 5G networks [2] , 
A. Related Work
The number of cellular users, D2D users, channel gains, the signal-to-interference-plus-noise ratio (SINR) is highly uncertain in a wireless communication channel, due to its random nature. These aspects must be disparagingly addressed, before radio resource allocation (RRA). Prior to resource allocation, selection of mode for the user equipment (UE) is essential. In [18] , the decision on the selection of mode (cellular/D2D), is made on the basis of the received signal strength threshold value. Initial research on resource sharing between cellular and D2D users considered single RB reuse case, where a single D2D pair can reuse the RBs of a single cellular user only. Though this is a simple consideration, sufficient resource efficiency is not guaranteed in such networks, drifting the research towards multi-RB reuse scenarios [20] .
Resource sharing between cellular and D2D users in a cellular network for different modes is studied in [21] . The resource allocation problem in [22] is fragmented in to channel allocation and power control problems, which are then solved using graph theory and game theory, respectively. The authors in [23] propose a stochastic geometry based framework for resource allocation in D2D networks. For a multi-cast D2D scenario, resource allocation problem has been addressed in [24] . A resource allocation scheme, in conjunction with transmit power minimization has been discussed in [25] , and is based on Q-learning [26] . Resource allocation in a cognitive radio (CR) D2D network has been evaluated in [27] , introducing an adaptive subcarrier allocation scheme, followed by the use of geometric waterfilling technique [28] for power allocation.
With video applications gaining a significant stimulus in 5G networks, QoS guarantees becomes paramount, with throughput serving as the key performance indicator. The overall experience of the end user is characterized by the QoE, indicated by the MOS. A three-step resource allocation strategy for maximizing the network throughput has been proposed in [29] , which guarantees the QoS requirements of the cellular users as well as D2D users, along with optimal power control. Another resource allocation scheme for guaranteeing the quality of service (QoS) requirements of the users has been proposed in [30] , using the column generation method. It improves the spectrum efficiency of the networks significantly. QoS enhancement in [42] is achieved through buffer-size limitation of the cellular users.
A QoE aware resource and power allocation scheme has been presented in [31] , where the Mean Opinion Score (MOS) of the users has been quantified. An algorithm for QoE enhancement using D2D communication has been proposed in [32] . Significant gains in the performance has been achieved with the proposed scheme. QoE driven schemes [33] can act as driving factors for D2D communication in the approaching era of wireless networks.
Most of the existing work on resource allocation in D2D communication consider omni-directional antennas deployed at the BS. As the wireless communication is heading towards 5G, an era of UDNs is anticipated. In such high-density networks, the count of users, and that too D2D users will be very large, resulting in profound interference problem. This problem can be effectively dealt, with the use of sectored antennas at the BS [17] . This will boost the throughput, as is contemplated in [34] , [19] . This provokes emphasis on the use of sector-partitioned cellular regions. Although existing algorithms have been efficient in management and reduction of interference [35] , [36] , incorporating sector antennas in unison with these will have a positive impact on the system performance. A comparison of the existing techniques with SBRRA has been given in Table I .
B. Contribution:
In this paper, a sector based radio resource allocation (SBRRA) scheme is proposed, for D2D communication in a tri-sectored 5G WCN, considerably reducing interference and meeting the QoS and QoE requisites of the users with low complexity. The proposed scheme follows an adaptive RB allocation mechanism, where an appropriate RB count is allocated to each demanding D2D pair, in accordance with the demanded applications. Three applications are assumed in this paper: Non-Conversational Video (A1), Conversational Video (A2) and conversational voice (A3), in decreasing order of their priority [38] . The main contributions of this paper embrace the following:
• Under a random deployment of users, the proximate users in each cell sector, adhering the distance constraint, form D2D pairs, which share RBs with their cellular reuse partners. These reuse partners are identified, on the basis of the channel gains between the cellular and D2D users. The D2D pair count varies iteratively, thus, their cellular reuse partners are also iteratively updated.
• The optimization problem for throughput maximization is formulated, for guaranteed QoS and QoE in the considered network. Since the proposed SBRRA scheme facilitates RB reuse in successive iterations, a substantial augmentation in throughput is achieved.
• Simulation results obtained with the proposed scheme are compared with adaptive RB allocation using HMM, with the proposed SBRRA scheme outperforming HMM, in terms of throughput and MOS. Sector antenna reduces interference, and thus complexity, which has been analyzed through simulations.
The remaining paper is organized as follow. The system model and problem formulation is given in Section II. Resource Allocation using HMM is discussed in Section III. Flowcharts and pseudo codes are contained in Section IV and Section V illustrates SBRRA scheme through an example. The simulation results are analyzed in Section VI. The paper finally concludes in Section VII.
II. SYSTEM MODEL AND PROBLEM FORMULATION
The system model for investigating RB allocation in a D2D network is introduced in this section, followed by the problem formulation.
A. System Model A cellular coverage area of radius 'Ṙ' meters is considered, with a tri-sector BS at the center (Fig. 1) . Since a D2D communication scenario is considered, RB sharing between cellular and D2D users result in interference.
Users within each sector are assumed to be randomly distributed. The total number of users in each sector is assumed to be equal, and denoted as N. As a result of random user distribution, during every iteration, variable number of D2D pairs will be formed per sector, depending on the distance between the users (Algorithm 1). The set of D2D pairs in a sector is denoted by Ď = {1, 2, … }, and the set of cellular users is denoted by ℂ = {1, 2, 3, … }. Each cellular user is periodically allocated equal count of RBs by the BS, denoted by the set ℝ = {1, 2, … }. The channel state information (CSI) is assumed to be known at the BS, along with the location of the D2D users, which is obtained through the global positioning system (GPS). As a result, no overhead is involved. The values of d and c are dynamically updated during each iteration, illustrating a real-time scenario (Fig. 1) . The RB structure is also shown in Fig. 1 .
Transmission powers of the BS ( ), and users are assumed to be fixed. The D2D transmitter power is evenly distributed over all the RBs. At each iteration, every D2D pair in Ď needs to determine the cellular user from which it will share the RBs. This is determined from the existent channel conditions between the D2D pairs and cellular users. The cellular user possessing the highest channel gain with a D2D pair will serve as its RB sharing partner. Depending on the demanded application, different pairs share different number of RBs from their respective sharing cellular partners. The demanded applications for all the pairs are determined in an adaptive manner, using HMM. The set of applications is denoted by = { 1, 2, 3}. The SINR at the receiver of j th D2D pair, sharing k th RB of i th cellular user, j ∈ Ď, k∈ ℝ, and i ∈ ℂ, for every iteration is given by
where j denotes the total interference encountered by j th D2D pair and is given by
Multiple factors contribute to interference in a downlink communication scenario. The BS keeps continuously transmitting and coordinating the cellular and D2D users. Also, cellular and D2D communication are going on concurrently, causing the active pair to suffer interference from the BS, denoting ( ) as
Each pair shares a certain count of RBs from its cellular partner, which is application dependent. The RBs remaining with the cellular user cause interference to the D2D transmissions, due to their own simultaneous transmissions over the remaining RBs. The interference due to the remaining RBs with the i th cellular user, to the j th pair is represented as
′ ∈ℝ ′ ≠
Since we are talking of an ultra-dense deployment in the 5G networks, which will contain a massive number of D2D pairs close to each other, the pairs within a certain range of every other pair, sharing the same RBs will result in co-tier interference. If ′ is the number of pairs in proximity to pair j, interference due to these pairs is This interference factor comes into effect only if distance between the adjacent pairs is less than or equal to Dmax. Summation of (3), (4) and (5) gives the resultant total interference. The symbols used are given in Table II .
Using the Shannon capacity formula [40] , the achievable throughput can be computed for the j th pair, for iteration 'n' as,
∈ℝ where is the bandwidth of one RB. For d pairs in each iteration, the total throughput for a particular iteration is the summation of throughputs of d pairs, i.e.
( ) = ∑ Ƭ ( ) ∈Ď ∈ℂ ( 
7)
Multiple iterations are considered in our scenario, with the total number of iterations denoted by the set ℚ = {1, 2, … }. If a cellular user 'i' is involved in RB sharing in multiple iterations, with different D2D pairs, then the resultant throughputs of the D2D pairs are successively added. When i th cellular user shares RBs with l pairs, for n number of iterations, then the throughput achieved l pairs, such that ∈ Ď, is given by
Here, denotes the p th D2D pair at n th iteration, sharing RBs of i th cellular user. (Refer Lemma 1) Proposition 1: The i th cellular user is involved in RB sharing during successive iterations, depending on its channel state with the formed pairs, and if it has at least r/2 RBs remaining with it, after sharing in a previous iteration. This is assumed to be a necessary condition for sustaining D2D and cellular communication simultaneously for the chosen applications.
The equation (8) shows that when same cellular user is used many times for RB sharing, the resultant throughput is boosted. This process of aggregation of throughputs continues till the time the cellular user remains active in RB sharing, at Channel gain of interference between pairs j and j' different iterations. Thus, the total throughput of the system is the average throughput for all iterations, denoted by
After the throughput computation, for ensuring QoE to all the users in the network, MOS is calculated. For j th pair, during n th iteration, the MOS is given by [33] ( ) = 5 − 578
where Ƭ ( ) is the throughput expressed in Kbps.
Proposition 2:
The MOS is measured on a five-point scale, with the values ranging between 1 to 5. A value of '5' of the MOS signifies excellent quality, and a value '1' denotes least quality. Values 2 and 3 are annoying quality signals. A general satisfaction to the end user can be assured through a value between 4 to 4.5, as these provide a good quality signal.
B. Problem Formulation
Our primary goal is the maximization of the overall throughput, for ensuring the QoS to all the demanding D2D pairs in the network. The optimization problem is formulated as max
Constraint (11(a)) ensures sufficient number of RBs available to each D2D pair, as needed by the demanded application, thus meeting the minimum QoS requirement and (11(b)) ensures that the total transmission power of a D2D transmitter over all RBs cannot exceed its maximum transmission power. The number of shared RBs is one less than the total available, as in (11(c)), so that at least one RB is available to the cellular user for simultaneous transmission with D2D pairs. A particular cellular user, providing favorable channel gain in successive iterations to the formed pairs also needs to have sufficient number of remaining RBs ( − ( )) to be able to share RBs again, which is ensured by (11(d) ). Ƭ depends on the number of pairs formed at any instant, the number of cellular users involved in RB sharing to the pairs, the number of RBs shared between the two types of users in the network, and the number of iterations over which the throughput is computed.
III. RESOURCE ALLOCATION USING HMM
RB allocation from cellular users to D2D users can be performed using HMM. Adequate number of RBs are allocated to the D2D pairs, on the basis of the demanded application, as stated earlier. BS controls the scheduling of users in the network. The complete HMM process is represented by a set of states, S and a set of parameters, ᵿ [37] . The states of the model are represented using the state diagram, as shown in Fig. 2 , with the three states: base station Table III . When once, the states, S, have been decided, parameters are represented by the probability matrices ᴫ, A, B, such that, ᵿ = {ᴫ, A, B}, where the first states of a sequence are given by the prior probabilities, ᴫ; transition from one state to another is given by the transition probabilities, A and the likelihood of an observation is represented by emission probabilities, B. Additionally, an HMM operation is characterized by two sequences, namely the hidden state sequence, Q = {q 1 , q 2 , … … q } and the observation sequence, X = {x 1 , x 2 , … … x }. The probability of a hidden state sequence is given by the product of transition probabilities
Having knowledge of the previous observation sequence, the likelihood of an observation sequences X = {x 1 , x 2 , … … x }, and set of parameters ᵿ are prediction based and is the product of emission probabilities, given by
The likelihood of the observation sequence is computed using trellis diagram. For a particular state sequence, knowing the previous observation sequence, likelihood can be predicted by multiplying observation and transition likelihoods along a particular path in the trellis diagram.
Equal count of RBs are allocated by the BS to all the cellular users. These are the observations, known prior the RB allocation process. Data is trained on the basis of the known observation sequence. The set of demanded applications, Ap and their priorities are known.
The initial choice of parameters is very critical in HMM and thus, should be carefully chosen. HMM performs RB allocation to the D2D pairs formed during each iteration within the network, based on the data trained, and the set of probabilities computed. This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. For 'N' number of randomly distributed users in a sector of a cellular network, the process of D2D pair formation is depicted in Fig. 3 and in Pseudo Code 1. Pair formation between a set of users is distance-dependent. When the distance constraint is fulfilled, a valid D2D pair is formed otherwise, cellular communication continues. Accordingly, the number of pairs and cellular users are updated in sets Ď and ℂ, respectively.
Pseudo Code 1 for realization of scenario for D2D communication underlaying cellular networks
Step An adaptive RB allocation scheme using HMM is depicted in Fig. 4 , allocating RBs on the basis of the demanded application. The priorities of the applications are set beforehand, determining the required RB count for each application. Depending upon the trained data, and the set of probabilities, predictions of the next states are made stochastically, and RBs are allocated to the pairs formed in the network. The sequence of steps is briefed in Pseudo code 2.
After formation of pairs, their channel states with the cellular users are determined in SBRRA. Highest channel gain providing cellular user are chosen for RB allocation, and the count of RBs is application dependent, determined with HMM. The RB allocation process with SBRRA, is given in 
A. Computational Complexity in SBRRA
Since SBRRA is an iterative scheme for adaptive RB allocation, the channel conditions are repeatedly checked between the cellular users and D2D pairs. These help in carrying out the transmission under the best channel states. The main idea of SBRRA is to reuse the RBs of cellular users which have been active during the previous iterations. Such a scheme supports better QoS and QoE, as is depicted through simulation results.
Considering a 5G scenario, with UDNs, the problem of interference management is paramount. Use of sector approach is beneficial in interference reduction, as has been stated in Section I. The pairs formed will suffer interference due to multiple factors (Eq. (2)). This interference, rises with an upsurge in pair count, but its overall impact is less with the sector approach in a cell, than without the use of sector approach. This aspect is considered in SBRRA, for analyzing the complexity of the system. This paper, however, considers the worst-case complexity as well. If the pairs formed have their locations close to each other, being concentrated in a region within a sector, then rises due to higher ′ ( ) . At such instants, rise in complexity is inevitable. Such a complexity is very genuine for a realistic scenario.
V. SBRRA:AN ILLUSTRATIVE EXAMPLE
The entire process of RB allocation, using the proposed SBRRA strategy, has been depicted in Fig. 6 . For a random deployment of users in a single sector, a case for d=2 is assumed, each pair demanding a distinct application in each iteration, from set . The number of cellular users in the sector are assumed to be five (c=5), with ℝ RBs allocated by the BS, in each iteration. Here, the active cellular users are those which allocate RBs to the demanding pairs. In Iteration 1, cellular user 1 (CU1) is considered as the active cellular user in the network, having favorable channel conditions (providing the highest gain) with both the pairs (Pair1 and Pair2). Let us assume that Pair1 is demanding, application A1 ( ( ) = 5), while Pair2 is demanding A3 ( ( ) = 1), and these are allocated the demanded RB count by CU1. The throughput for Pair1 and Pair2, in Iteration 1 is Ƭ 1 1 (1) and Ƭ 2 1 (1) , respectively (From Eq. (6)). The total throughput of the system in Iteration 1 is Ƭ (1) = Ƭ 1 1 (1) + Ƭ 2 1 (1) (14) To be able to allocate RBs again to the pairs, in another iteration, and for continued information exchange over its RBs, CU1 will be requiring sufficient RBs. In the middle of the duration of sharing of RBs with pairs, CU1 may have to operate in cellular mode as well. This will also need RBs. Thus, it is allocated 'r' RBs again, by the BS, in the beginning of the next iteration, if the RBs remaining with it are less than the threshold (r/2).
Checking for the channel conditions again for the two pairs, and the cellular users in the network, it is observed that the cellular users offering the highest channel gain to both the pairs vary iteratively. Accordingly, the throughputs are computed. The cellular user, not providing favorable channel conditions are assumed inactive. With reference to Fig. 6 and Table IV, the cellular partners for both pairs can be obtained. The total throughput of the system in Iteration 2 is Ƭ (2) = Ƭ 1 2 (2) + Ƭ 2 3 (2) (15) Since, after RB allocation to the respective pairs, CU2 and CU3 become RB deficient (in Iteration 2), they are allocated 'ℝ' RBs by the BS, in Iteration 3, and these now have (ℝ+1) RBs available for sharing. In this iteration, different applications are demanded by the pairs, and have different cellular users for sharing of RBs. Such an allocation of RBs by the BS, to the cellular users in the network, assures continuity of service. Such a mechanism provides QoS, which is the main aim of the proposed scheme. Apart from QoS guarantee to the D2D pairs, the QoS of cellular users is also simultaneously promised in this method, though no mathematical analysis has been given in the paper.
A similar procedure of allocation continues for the successive iterations. In Iteration 3, the cellular reuse partners for Pair1 and Pair2 are CU4 and CU2, respectively, sharing different number of RBs, as per demanded application. Consequently, throughputs are Ƭ 1 4 (3) and Ƭ 2 2 (3), for Pair1 and Pair2, respectively. In this iteration, the RBs of CU2 are shared for the second time. Thus, throughputs of D2D pairs, achieved by sharing RBs of CU2 in the second iteration are added and the total throughput of the system in Iteration 3 is (8)), which promotes the sharing of RBs with cellular users that are providing good channel states in successive iterations. The total system of the throughput is obtained as an average over the different iterations, as given in Eq. (9), i.e.
The number of RBs shared by the two pairs is shown in different colors, for easy understanding of the readers. The values of k(i) are assumed for explanation. For a high priority demanded application, more number of RBs are allocated by the favorable cellular user in the network, and thus, higher is the throughput achieved (Eq. (6)).
VI. SIMULATIONS AND DISCUSSIONS
The simulation parameters for RB allocation to D2D pairs have been illustrated in Table V . The channels among the users are modeled as path loss channel models [41] . Within a cell, with the BS at the cell center, use of sectored antennas is considered, dividing the cell into three 120 0 sectors. For a realistic scenario, the value of N is highly variable. Assuming a low, medium and high density of users, simulations are conducted for N=30, 50 and 100, respectively. For a random deployment of users in the cell sector, different number of pairs may be formed at different instances.
In this section, the results from simulations have been elaborated, and inferences drawn have been stated, for adaptive RB allocation to D2D pairs, on the basis of the demanded application. Demanded  30  1  2  A1, A2  2  2  A1, A1  3  2  A3, A1  4  2  A1, A2  5  2  A1, A3  30  1  3  A1, A1, A3  2  3  A1, A1, A2  3  3  A1, A2, A1  4  3  A2, A1, A3  5  3  A2, A1, A1  30  1  4  A1, A1, A1, A2  2  4  A3, A1, A1, A1  3  4  A1, A3, A3, A3   4  4  A1, A3, A1, A2  5  4  A1, A1, A1, A2 formation. d=2, 3 and 4, for five different iterations are assumed, each demanding a different application, during each iteration (Table VI) and the performance indicators over these iterations are analyzed for performance evaluation. The reason for the use of sectored approach is depicted in Fig. 7 . In the previous generations of cellular networks, cellular radius of 1km and 2km have been existent. The cell size has been shrinking progressively, enabling efficient spectrum reuse and enhanced network capacity. When using the sector approach in traditional cellular networks with large cell size, Fig. 7 . Number of D2D pairs formed for 2km, 1km and 500m sector radius, for N=30 the number of D2D pairs formed is one, two and even zero, at times as shown However, with a 500m sector, the number of D2D pairs formed is up to six, with the total number of users in the network being same in each of the three cases (N=30). Maximum number of pairs are obtained with 500m sector, thereby offloading traffic efficiently in the 5G networks, though, a larger pair count in 1km and 2km sector is also possible, if the random users in these sectors adhere to the distance constraint. Area is not a constraint upon the number of pairs in the sector. Their locations, and fulfilment of the condition for pair formation is crucial. SBRRA allows RB sharing between D2D pairs and cellular users on the basis of channel conditions. Higher SINR values are thus obtained, since transmissions are carried out over the best channel states. SINR v/s No. of Iterations plot is depicted in Fig. 8, for d=2, 3 and 4 . SINR values are also given in Table VII . For each iteration, the SINR achieved with SBRRA, for every pair, is higher than HMM. The reason for the superiority of SBRRA over HMM is that SINR computation in HMM is done probabilistically, purely based on the trained data. Unlike in SBRRA, where SINR computation involves inclusion of all the interference factors in a real-time deployment scenario. This interference is reduced with the use of sector antennas, thus higher SINR values are obtained. Also, SINRs are dependent on the demanded application. Therefore, in correspondence to the listed applications in Table VI , it can be seen that greater demand of A1 corresponds to higher SINR values.
The applications demanded by all the pairs are determined adaptively, and consequently the required number of RBs are allocated to the pairs, by their cellular reuse partners. A higher priority (A1 here) application requires more number of RBs, thus, achieves higher throughput (Eq. (6)). If A1 is demanded, more number of times during different iterations, throughput achieved is higher (Eq. (8) shown in Fig. 9 , for different applications, during the different iterations. SBRRA always results in higher throughput than HMM, for the same set demanded applications by each pair, due to resource reuse from the same cellular users in SBRRA. This is in accordance with the diverse Quality of Service (QoS) requirements of the applications of the evolving wireless networks. Throughput enhancement can be less or more, depending on the application in demand, thus allocated count of RBs, during the successive iteration.
A higher throughput value also signifies a better utilization of the limited available RBs, through SBRRA since RB wastage is being avoided at each step, by making use of the RBs of same cellular user successively. The total throughput for HMM and SBRRA has been compared for different iterations, for the different number of pairs, as shown in Fig. 10 . In each iteration, the throughput of SBRRA is higher than the HMM. Additionally, with increasing number of pairs, throughput of the system enhances. This is due to the reduced interference levels with the use of sectored antenna. SBRRA is thus, favorable for the 5G networks. The interference is reduced between the users lying at the sector edge and within the sector. For d=3, there is a fall in throughput at Iteration 4. The reason for lesser throughput can be a low-priority demanded application, or, non-reuse of RBs from the cellular users, which remained active during previous iterations. Also, for pairs formed in a concentrated region, close to each other, received SINRs are low due to high ′ ( ) , resulting in low throughput.
Apart from a high throughput, to ensure the QoS, another important metric to be affirmed by the operators is the QoE. To evaluate the QoE, MOS has been computed. MOS values for different d, and different iterations, is shown in Table VIII .
Comparing MOS values from HMM and the proposed SBRRA scheme, the value of MOS for every pair is higher with SBRRA, than in HMM, in each iteration. This assures QoE to the subscribers. The trends in MOS range is similar as that for throughput. A high QoE can be assured by the cellular network operators (values between 4 to 5), with both the schemes, a remarkably better one with the proposed SBRRA. 
B. Case II: For medium user density (N=50)
Since 5G networks mention ultra-dense deployments, in order to study the trends in the network performance with rise in the number of users, this case evaluates the performance of the considered scenario with N=50. This count marks a drift towards higher user density. The users are again randomly deployed in the sector, with variable number of pairs formed in the sector. The number of pairs vary from 1 to 10 in this case. = 3, 5, 6 7 is considered in this case, each pair demanding a distinct application, for different iterations, as depicted in Table IX .
The results in Fig. 11 , illustrate a comparison of the total number of pairs formed in a sector of radius 2km, 1km and 500m, with maximum number of pairs formed in the 500m, while lesser number of pairs are formed in 1km and 2km radius sectors. Maximum pair count with N=50 is higher, than N=30, though = 2, 3 4 exist in case of N=50 also. This shows the random nature of the system. The SINR analysis for different number of pairs has been performed in Fig. 12 , for different iterations. SINR with SBRRA is higher than in case of HMM, for most cases, for each iteration (except at some iterations and values of d). SINR values fall due to the co-tier interference. In this paper, the co-tier interference is considered if the distance between the adjacent pairs is less than or equal to . The value of = 50 is assumed, since the maximum distance for pair formation is 20m. For a practical scenario, if we take two adjacent pairs, with 20m range, are assumed to cause interference to each other with a precision distance of ± 10m existent between them. Thus, = 50 is assumed, for an ultra-dense environment. For an iteration, the interference on a particular pair may be only due to a single adjacent pair. This adjacent pair, however, might be suffering interference from multiple other pairs in its adjacency. Thus, the interference has a cumulative impact. For many of the iterations and d values, it can be seen in Fig. 12 and Table X that SINR with SBRRA is less than with HMM. It is because for a real-time testbed, the pairs formed may be close to each other, i.e. dense in a region, within the sector, or distributed, resulting in an escalation in interference among D2D pairs, decreasing SINR values, or vice-versa. For pairs scattered over the entire sector, experiencing reduced cotier interference, SINR values obtained are higher, and the efficacy of SBRRA is validated, in terms of RB allocation over favorable channel conditions. The variations are depicted in Fig. 13 . Thus, for different number of pairs, the pair locations may be concentrated, or distributed in a region, in the sector, lowering or improving the SINR values, respectively, as shown in Fig. 13 , for the case of d=7.
The total throughput for different applications has been analyzed, for different iterations, in Fig. 14 . Again, the maximum throughput is achieved for highest priority application, i.e. A1, followed by A2 and A3, in order of their priorities
The total throughput of the system for different iterations, for different number of pairs has been analyzed in Fig. 15 . The system throughput for different number of pairs is rising with each iteration, due to the reuse of RBs from the same cellular users, as far as possible. However, the maximum achievable throughput is less for d=7, than for d=6, for SBRRA. This is due to the increasing interference from the neighboring pairs, in a concentrated pair density, which result in a decrease in the 
C. For high User density (N=100)
Similar to the analysis for the above two cases, for low and medium user densities, the obtained SINR, throughput and MOS for an ultra-dense network, with N=100 is studied, i.e high user density. For a higher value of N, the number of pairs formed are also higher. Here, d varies from 3 to 24. Taking d=3, 7 and 10, performance indicators for N=100 are depicted in Table XII . SINR values are less at some iterations, due to concentrated density of pairs. Even with a large number of pairs, throughput and MOS values obtained are high, effectively meeting the QoS and QoE demands of the D2D pairs.
D.
Complexity Analysis The usefulness of the SBRRA scheme can be clearly validated by the simulation results, for a 5G scenario, with variable user densities. The proposed scheme focuses on use of three-sector antenna at the base station for effective offloading, and enhancing system performance. The impact of all the interfering factors on a D2D pair is depicted in Eq. (2). Since the aim of this paper to evaluate the performance of a cellular network using sector antennas at the BS, the impact of interference power on the cellular network, with and without the use of sector approach is studied, for analyzing the complexity of the network with D2D communication. It is assumed that for both the cases (with and without SBRRA), there are equal number of pairs and all are demanding the same application (A3 assumed here, for complexity analysis). The interference power rises with increasing number of pairs, with pairs formed adjacent to each other raising the co-tier interference. As can be seen from Fig. 16 ., the complexity of the network, is less, when using SBRRA, and more without sector approach. This depicts the efficiency of the use of sector antennas, in terms of reduced interference for ongoing D2D communication. For pair 7, it is observed that complexity of SBRRA is higher than the scheme not employing SBRRA. This can be related to low SINR for concentrated pair density, as depicted in Fig. 12 , and Table IX. Adaptive RB allocation in D2D communication in 5G WCN has been addressed in this paper, for warranted QoS and QoE. Use of highly directional antennas, dividing the cell into three sectors, is facilitated at the BS, for improved system performance and capacity, with the provision of significant offloading at the BS. The effectiveness of the use of sector approach has been illustrated by the simulation results. For a random number of users in a single sector, D2D pair formation takes place on the basis of the distance constraint. After pair formation, the suitable cellular reuse candidate (RB sharing partner) for each D2D pair is selected. Then optimal number of RBs are allocated to the pairs, depending upon the demanded application (A1, A2 or A3). The performance indicators for QoS and QoE are throughput, and MOS, respectively. Higher throughput and MOS are achieved with SBRRA, due to RB reuse from the same cellular user in successive iterations, which is proposed by SBRRA. The values are compared with the results obtained by RB allocation using HMM also. The sector approach helps in reducing interference in the cellular network, thus reducing complexity and improving the system performance.
